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Design Problem 19.1 

Determine the total amount of the elastic strain energy stored in a stepped bar subjected 
to a tensile load of 100,000 lb, as shown in Fig. 19.3. Assume the modulus of elasticity to 
be 30 X 10 6 psi. The weight of the bar is neglected. 

Solution 

Calculate stresses for the two portions separately as S\ and S 2 . 

S\ = 100,000/ 3 = 14,150 psi (97.6 N/mm 2 ) 

S 2 = 14,150 X 9 = 127,350 psi (878.3 N/mm 2 ) 

The total strain energy is now obtained as the algebraic sum of the energies for the two 
separate portions. The corresponding areas are A\ — 97t/ 4 and A 2 — 7t/ 4. Hence, 

„ SfLiA, , S 2 2 L 2 A 2 
Ut = 2E + 2E 

_ 14,150 2 X 7 x 9tt + 127,350 2 x 5 x tt 
~ 4 x 2 x 30 x 10 6 

It is seen that the step-down in diameter indicated in Fig. 19.3 causes a ninefold increase 
in the maximum tensile stress. If we made the bar 12 in. in length and 3 in. in diameter, 
the corresponding total strain energy would go down to about 282 lb.-in. The energy 
reduction here appears to have no relation to the ninefold change in stress. If we further 


= 1227 lb-in. (138,632 N-mm) 



Fig. 19.3 Stepped bar in tension. 



